Summary.
The enzyme NADPH-diaphorase (NADPHd; a marker of NO producing or nitrergic neurons) and the neuropeptide VIP have been detected in nerve structures of the hen oviduct by histochemical and immunohistochemical techniques performed on cryostatic sections and whole mount preparations.
In the upper four segments of the oviduct, i.e. the infundibulum, magnum, isthmus and shell gland, nitrergic and VIP-positive nerve structures were particularly numerous in the intermuscular and mucosal layers, and were represented by fibres and cell bodies showing mainly a perivascular distribution. Functionally, such perivascular structures were related to the blood flow regulation.
Different types of nitrergic pyrenophora were recognized in the walls of the shell gland on the basis of their peculiar morphology.
In the distal zone of the oviduct, the vagina, nitrergic and VIP-positive nerve fibres were widely diffused in the circular muscle, which was particularly thick in this segment. Studies performed in recent years on the nerve structures of the mammalian female genital tract have revealed the occurrence of neuromessengers different from traditional biogenic amines. In particular, the putative neurotransmitters vasoactive intestinal polypeptide (VIP) and nitric oxide (NO) have been found in the nerves of many female genital organs (OTTESEN et al., 1982; FAHRENKRUG et al., 1988; GROZDANOVIC et al., 1994; MAJEWSKI et al., 1995) . Both substances are involved in the regulation of vascular as well as non vascular smooth muscle activity as potent myorelaxants (OTTESEN et al., 1983; OTTESEN and FAHRENKRUG, 1990; RAND, 1992; ESTRADA et al., 1993) . Neurons producing NO are defined nitrergic and contain the enzymes nitric oxide synthase (NOS) and nicotinamide adenine dinucleotide phosphate reduced diaphorase (NADPH-d).
Recent combined morphological
and biochemical studies have demonstrated that both enzymes are portions of the same molecule, and a NADPH-drevealing histochemical method is currently being utilized to confirm nitrergic neurons (BREDT et al., 1990; DAWSON et al., 1991) . In birds, VIP- (SUNDLER et al., 1979; VITTORIA et al., 1992; LOPEZ et al., 1993; KUENZEL and BLAHSER, 1994) and NOS-containing neurons (LI et al., 1994; BoRos et al., 1994; BRUNING et al., 1994; HIRAMATSU and OHSHIMA, 1994; BALASKAS et al., 1995) have been detected in several organs but never in the genital tract, at least to our knowledge. This study was thus made in order to explore the presence and distribution of VIP and NOS in the oviduct of the hen by means of histochemical and Immunohistochemical techniques. As known, the oviduct of the hen draws from the blood or actively synthesises many molecules which are added to the oocyte, transforming it into an egg. This is then transported through the organ and laid down by active movements of the parietal musculature which are controlled by the peripheral nervous system. The nerve supply of the oviduct includes parasympathetic and sympathetic nerves (FREEDMAN and STURKIE, 1963) which contribute toward a complex intrinsic innervation (GILBERT and LAKE, 1963) . Terminals arising from the latter project towards various targets. Little is known on the substances acting as messengers in the intrinsic innervation of 246 A. COSTAGLIOLA et al.: the hen oviduct, and all data regard traditional amines alone.
MATERIALS AND METHODS
Samples were collected from the segments of the oviduct of five egg-laying hens (Gallus domesticus): the inf undibulum, magnum, isthmus, shell gland (also defined uterus) and vagina. The animals were sacrificed by an overdose of inhaled chloroform. Part of the material was fixed by immersion in 4% paraf ormaldehyde in 0.1 M phosphate buffered saline (PBS) at pH 7.5, for 2-6 h. The material was then rinsed in PBS and transferred into the same buffer containing 7% sucrose and 0.1% sodium azide, where it was stored until further processing. Frozen sections of 5-20um in thickness were cut in a cryostat and mounted on chromalum-gelatine-coated slides. Other specimens were stretched down on tablets of sylgard soon after collecting.
Then they were fixed as previously described, washed in PBS and stored in 0.1% sodium azide in PBS. This material was used as whole-mount preparations, after removing the mucosa by gentle scraping with forceps, under a Nikon stereomicroscope.
Whole-mount preparations from the vagina were not produced due to the difficulty of isolating its thick circular muscle layer from the other ones.
NADPH-d histochemistry
Both sections and whole-mount preparations were stained by a modified procedure (SAFFREY et al., 1992) of the NADPH-d histochemical method (THOMAS and PEARSE,1964; SCHERER-SINGLER et al., 1983) . After an initial rinsing in 0.1% Triton X 100 in PBS, the material was incubated in a freshly prepared solution containing 1.2mM /3-NADPH (Fluka, 93220), 0.24 mM nitroblue tetrazolium (Sigma, N 6876) and 15.2 mM 1-malic acid (Sigma, M 9138) and in 0.1 M Tris/ HCl buffer (pH7.6) containing 0.1% Triton X 100, for 30-50 min in the dark at room temperature. The reaction was stopped by rinsing in a Tris buffer solution. Then the sections and the whole-mount preparations were dehydrated in a graded series of alcohol, rehydrated and mounted in PBS/glycerol (1:1). NADPH-d histochemistry was controlled by omitting either f3-NADPH or nitroblue tetrazolium from the staining solution. No reaction product was observed on control sections.
VIP immunohistochemistry

was performed on cryostatic sections and whole-mount preparations using a commercial anti-VIP antibody (Incstar, 20077) . The sections were rinsed in 0.1% Triton X 100 in PBS for 1 h, incubated at 4-5C overnight in primary antiserum diluted 1:750 in PBS containing normal sera from chickens (3%) and goats (3%), and finally stained by the peroxidase antiperoxidase (PAP) method by STERNBERGER (1979) , using diaminobenzidine tetrahydrochloride (DAB) to reveal the site of the immunological reaction. Alternatively, the sections were stained by indirect immunofluorescence using, as a secondary antiserum, fluorescein isothiocyanate (FITC)-labelled goat anti-rabbit (GAR) IgG diluted 1: 250 and used for 1h at room temperature. Control sections were incubated in the specific step with PBS or with the complex VIP antigen/specific antiserum previously adsorbed (100,ug/ml). Their results were always negative.
Whole-mount preparations were rinsed in 0.1% Triton X 100 in PBS overnight, immersed in PBS containing normal sera from chickens (3%) and goats (3%) for 6-9 h and incubated in the same medium plus primary antiserum (1: 750) for 48 h. Then the material was washed in 0.1% Triton X 100 in PBS for 20 h and stained for 24 h by FITC-labelled GAR IgG diluted 1:250, in the medium as above. Finally the preparations were immersed in 0.1% Pontamine Sky Blue 6BX (BDH, 3439) in PBS for 40 min (CowEN et al., 1985) , washed in PBS and mounted in PBS/glycerol (1:1).
Colocalization studies Figs. 3 and 4. In the intermuscular space of the infundibulum VIP-immunoreactive nerve fibres form loose networks around blood vessels (Fig. 3) . Positive fibres originate from these networks and reach the lamina propria of the mucosa (Fig. 4) . were observed by a Leitz Laborlux microscope equipped for reflected fluorescent light. FITC was visualized alternatively by two filter sets: the first contained a 450-490 nm band pass excitation filter and a 515nm long pass barrier filter, and the second a 450-490nm band pass excitation filter and a 525/20 nm band pass barrier filter. The second set enhanced the contrast between the dark background and yellow-green positivities. Microphotographs were taken using Kodak Technical Pan b/w film for normal light and Kodak T Max 3200 b/w film for fluorescent light.
RESULTS
As for mammalian ones, the oviducts of birds are composed of three coats-serosal, muscular and mucosal-whose thicknesses vary along the organ. One avian peculiarity is the presence of a thick connective layer interposed between the external longitudinal muscle and the internal circular one. This layer has been termed intermuscular and contains numerous blood vessels variously oriented and a dense nerve plexus, many components of which show a para-and perivascular localization.
Observations showed the infundibulum to contain a moderate number of NADPH-d-positive nerve structures represented by fibres and cell bodies. The fibres were isolated or grouped in small bundles and ran in the periorganic connective tissue (Fig, 1) , beneath the serosa, in the intermuscular space and lamina propria of the mucosa. In the intermuscular space, the positive fibres were more numerous, with the majority surrounding blood vessels to form a perivascular plexus which rarely contained positive cell bodies at the crossing points of its components (Fig. 2) . Rare reactive cell bodies were found in the circular muscle layer. Single positive fibres ran in the stroma of the folds. Also, the VIP-positive nerve structures of the infundibulum were mainly represented by fibres distributed as for the NADPH-d reactivities. The VIPpositive perivascular fibres of the intermuscular space sometimes crossed each other, forming a network (Fig. 3) surrounding one or more vessels for a brief extension. Rare, positive cell bodies were present at the crossing points of this network. Thin bundles of positive fibres were sometimes found in the lamina propria of the mucosa (Fig. 4) .
The NADPH-d-and VIP-positive innervation of the magnum and isthmus showed a pattern similar to that described in the infundibulum, as far as the type and distribution of structures (Fig. 5) . The former was more abundant than the latter and, in particular, the NADPH-d-stained pyrenophora were elsewhere more frequent. Often such pyrenophora were coupled (Fig. 6 ) or grouped in small clusters; contacts between them were not infrequent (Figs. 6, 7) . Both NADPH-d-and VIP-reactive nerve fibres were noted in the circular muscle of the isthmus (Fig. 8) .
In the shell gland, the NADPH-d-reactive innervation was more developed than in the upper segments and was considered ubiquitary, being present in all parietal layers. The main structures were two penvascular plexuses localized in the intermuscular space (Fig. 9) and mucosal lamina propria which resembled those described in the intermuscular space of the upper oviduct, though they were richer in internodal points and positive cell bodies. The reactive pyrenophora of the shell gland formed a population heterogeneous in size, showing both large and small dimensions. The large pyrenophora comprised cell bodies with many flat processes arising from the entire surface of the soma (Fig. 10) , and others whose processes arose from opposite poles (Fig. 11) . Among the former, some cells appeared to have one long axon. The small pyrenophora were poorly stained and mainly oval in shape (Fig. 12) . Contacts between two or more positive nerve cell bodies were seen (Fig. 13) .
The VIP-containing innervation of the shell gland was abundant.
Positive nerve fibres, isolated or grouped in small bundles, were present in all parietal layers and-in the intermuscular space and mucosa -were organized in two perivascular plexuses closely resembling the analogous nitrergic structures just described. Often single positive fibres ran transversely across the circular muscle joining the intermuscular plexus to the mucosal one. Generally, the number of the VIP-positive pyrenophora of the shell gland (Fig. 14) was lower than that of the nitrergic cell bodies.
At the level of the vagina the wall of the oviduct showed a sudden increase in the thickness of its circular muscle and, in contrast, a decrease of the other parietal layers, except the mucosa. The NADPH-d-and VIP-positive innervation of such thin, external layers were constituted by fibres running mainly isolated and by rare cell bodies. Often the fibres took a perivascular course.
The NADPH-d-and VIP-reactive innervation of the vaginal circular muscle showed similar patterns, so the following description may be applicable to both: numerous positive fibres and cell bodies were present. The fibres comprised an intricate network whose small, numerous meshes encircled bundles of smooth musculature (Fig. 15) . The crossing points of the network contained positive nerve cell bodies (Fig.   NADPH-d. 
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Figs. 15 and 16. The circular muscle of the vagina is richly innervated by both VIP- (Fig. 15) and NADPH-d- (Fig. 16 ) positive nerve structures, made by both numerous cell bodies and intricate networks of fibres. Cryostat sections. Bars: 20 um. Fig. 15 : GAR-FITC.
Figs. 17 and 18. The NADPH-d-positive neurons of the vagina are mainly localized in the circular muscle (Fig.  17) and mucosa (Fig. 18) . The intramuscular neurons have differently sized pyrenophora whereas the mucosal ones often show a unique long axon. Cryostat sections. Bars: 10um
Figs. 19-22. Two cryostat sections of vaginal circular muscle showing colocalization in the same neurons of NOS (Fig. 19) and NADPH-d (Fig. 20) , as well as of VIP (Fig. 21) and NADPH-d (Fig.  22) 16) which lay scattered throughout the layer and were particularly numerous at its deep side where the musculature faces the lamina propria of the mucosa. Often the cell bodies were coupled or grouped in small clusters. Large and small pyrenophora (Fig. 17) were distinguishable, either round or oval in shape, and all intensely stained. The majority of them were multipolar in function. The lamina propria of the mucosa contained a lower number of positive fibres and cell bodies (Fig. 18) . Such structures were mainly isolated, and often the fibres showed a pen-and paravascular localization.
Colocalization studies
As reported above, colocalization studies were performed on cryostat sections of the vagina. In the circular muscle of this segment, all NOS-immunoreactive nerve cell bodies were found to be positive for the NADPH-d staining (Figs. 19, 20) . The intensity of NOS immunoreactivity often correlated with that of the NADPH-d reaction product. Since the coexistence of NOS and NADPH-d was here unmistakably demonstrated, the presence of VIP and NO in the same nerve cells was detected colocalizing VIP and NADPH-d (Figs. 21, 22 ). On this basis we can affirm that, in the hen vagina, almost all VIPimmunoreactive nerve cell bodies are NADPH-d
positive.
In the course of this study, the endothelia of vessels of the oviduct were often found to be positive to the NADPH-d staining. The same endothelia never contained NOS-immunoreactivity.
DISCUSSION
In the oviduct of the hen, all NADPH-d-positive neurons showed NOS-immunoreactivity.
The correlation between NADPH-d staining and NOS-immunoractivity has been found in neurons of the mammalian genital tract (GROZDANOVIC et al., 1994; MAJEWSKI et al., 1995) and of the enteric system of two avian species (LI et al., 1994; BALASKAS et al., 1995) , of the fish trout (LI and FURNESS,1993) and goldfish (BRUNING et al., 1996) and of the amphibian toad (Li et al., 1992) . Our findings confirm that NADPH-d histochemistry can be used as a marker for NOS-containing neurons also in the avian genital tract.
Nitrergic and VIP-positive nerve structures showed a perivascular localization throughout the hen oviduct, with a distribution that appeared to be very similar. NO is a powerful vasodilator which is released from perivascular nerve fibres (ToDA et al., 1993) , the vasal endothelium (TODA et al., 1993) and vascular smooth myocytes (GRIDER et al., 1992; TODA et al., 1993) . In the female genital tract of various mammals, VIP causes diffuse vasodilation and enhancement of the blood flow (JORGENSEN and OTTESEN, 1991) . NO and VIP cause the relaxation of the vascular smooth muscle directly but through different intracellular mechanisms.
The first increases the quantity of guanylate cyclase and, subsequently, of cGMP (AHLNER et al., 1991) , and the second raises the cytoplasmic level of cAMP (HUIZINGA et al., 1992) . The actions of NO and VIP on the vascular bed are probably synergic because NO enhances the release of VIP acting presynaptically and potentiates its action on the vascular muscle cell (GRIDER et al., 1992) . On the other hand, VIP induces the synthesis of NOS and subsequently of NO in vascular myocytes (GRIDER et al., 1992) . These data suggest that the nitrergic and VIP-positive perivascular nerves of the hen oviduct cause diffuse vasodilation along the organ.
The presence of NO-and VIP-containing perikarya in the walls of the hen oviduct suggests an intrinsic origin for at least a part of the parietal nitrergic and VIP-positive nerve fibres. Whether these fibres have a perivascular course remains to be determined. Nitrergic and VIP-positive nerve fibres extrinsic in origin should be present as well because they were noted in subserosal spaces while penetrating the oviductal segments.
NADPH-d reactivity, but not NOS-immunoreactivity, was found in the endothelium of oviductal blood vessels. As is known, the positivity of the NADPH-d reaction has been described in various kinds of cells different from the nervous ones, such as the endothelial and the immuno-competent (MONCADA et al., 1991) . These cell types contain isoforms of NOS which are all confirmed by the NADPH-d histochemical method but react, immunohistochemically, with different specific antibodies (MoNCADA et al., 1991) . The anti-NOS antibody used in this research was obtained from mammalian neuronal NOS and demonstrated only neuronal NOS in the avian genital tract. This kind of NOS probably maintained its composition and structure nearly unchanged through the evolutionary steps from birds to mammals.
The egg spends in the shell gland 80% of the time required to descend the whole organ (GILBERT,1979) . In such segment, water, minerals and proteins are added to the developing egg for the formation of the albumen and some shell components such as testa cuticle and pigments (GILBERT, 1979) . During this time, the vagina is tonically closed in order to avoid premature oviposition. Subsequently, the contraction of the shell gland musculature applies force to the egg in the vagina, causing an initial dilation of this segment. Such dilation induces in the hen the so called bearing down reflex consisting of hastened respiratory movements and contraction of the abdominal muscle (SYKES, 1955) . In consequence, the egg is strongly forced through the vagina which opens to accomplish oviposition. It is probable that the relaxation of the thick circular muscle of the vagina is performed by the action of the VIP-and NO-containing neurons which are scattered in such a layer. The two neurotransmitters have been closely related to the relaxation of the smooth muscle of many splanchnic organs. VIP inhibits the contraction of the genital musculature in several mammalian species (HELM et al., 1981; RODRIGUEZ-MARINEZ, 1990; OTTESEN and FAHRENKRUG, 1990 ) and particularly inhibits the contraction of the uterus, whether pregnant or not, in humans (OTTESEN et al., 1982; LEROY et al., 1991) . Also, the uterine cervix is promptly dilated by the presence of VIP (HELM et al., 1981; STJERNQUIST and OWMAN, 1984) . Notwithstanding such experimental evidence, it has not been proven whether VIP can act directly on the genital muscular cell in a way similar to that described above for vascular myocytes or if, in turn, its action is indirect and performed through the liberation of a vascular myorelaxant substance (LEROY et al., 1991) . Nitrergic neurons which innervate the circular musculature of the mammalian gut have been retained non adrenergic, non cholinergic inhibitory motor neurons (RAND, 1992; SANDERS and WARD, 1992; STARK and SZURSZEWSKI, 1992) located in the myenteric plexus and projecting cranio-caudally (COSTA et al., 1992; MC CONALOGUE and FURNESS, 1993; TIMMERMANS et al., 1994) . In many organs of the female genital tract of pigs and cows, nitrergic nerve fibres, also containing VIP, are widely diffused, and those related to the smooth musculature have retained efferent inhibitory nerve terminals (MAJEWS-KI et al., 1995) . The same functional role is given to nerve fibres containing NO and VIP, localized in the lower airways of the ferret (DEV et al., 1993) . Moreover, there is experimental evidence that ATP, NO and VIP are colocalized in inhibitory nerves which regulate the non adrenergic non cholinergic relaxation of the mammalian gut (BURNSTOCK, 1993; BELAI et al., 1992; SANDERS and WARD, 1992; MAGGI and GIULIANI, 1993; BELAI and BURNSTOCK, 1994) . The three co-transmitters are likely involved in different phases of this complex phenomenon (MAGGI and GIULIANI, 1993) .
The action mechanism of NO has been focused upon in a recent experimental study which showed that the inhibitory role exerted by NO on the motility of the digestive smooth muscle is effected through the release blockade of substance P (SUZUKI et al., 1994) . As is known, this neuropeptide is colocalized with acetylcholine in neurons of the gastrointestinal tract whose musculature is contracted by their combined action (MORRIS and GIBBINS, 1992) .
Reconsidering the hypothesis introduced above, the VIP-and NO-containing neurons of the circular muscle of the hen vagina are conceived to be inhibitory motor neurons causing dilation of the organ necessary for oviposition.
Functionally, the vagina of the birds is comparable to the uterine cervix of mammals because it has a sphincteric role regulating the time of permanence of the egg in the shell gland and oviposition (LAKE and GILBERT, 1964) .
In conclusion, the neurotransmitters NO and VIP are extensively diffused in the nerve structures of the hen oviduct. In the upper and middle portions of the organ, their function can be related to the regulation of blood flow and, in the distal one, also to the control of smooth muscle motility. 68: 756-762 (1991) . BALASKAS, C., M. J. SAFFREY and G. BURNSTOCK: Distribution and colocalization of NADPH-diaphorase activity, nitric oxide synthase immunoreactivity, and VIP immunoreactivity in the newly hatched chicken gut. Anat. Rec. 243: 10-18 (1995) . BELAI, A. and G. BURNSTOCK: Evidence for coexistence of ATP and nitric oxide in non-adrenergic, non-cholinergic (NANC) inhibitory neurones in rat ileum, colon and anococcygeus muscle. Cell Tiss. Res. 278: 197-200 (1994 
